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By Jack F . Runkkel and James H. Eenderem 

SUMMARY 

An investigation was made i n  the Langley 16-foot transonic  tunnel 

of the aerodynamic characterfstics of a -- scale  nodel of an X - 1  a&- 

plane in  order t o  correlate wing pressure-distribution  results  obtained 
i n  a s lot ted wind tunnel with flight t e s t -da t a  on the   ful l -scale   a i r -  
plane.  Results were obtained through a Mach  mmiber range from 0.70 
t o  1.00 a t  Reynolds numbers up.to 4.6 mil l ion and at  angles of attack 
up t o  15' a t  lower speeds and up to 5O at  a Mach  nurcber of 1.00. 
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Evidence waa not found t o  indicate that restr ic t ions o r  interference 

effects  of  eufficient magnitude existed t o  affect   the   val idi ty  of w i n g  
pressure  data  obtained with the  re la t ively  large model t ha t  was tes ted 
in   the   s lo t ted  16-foot wind tunnel. 

The results  indicate that chordwise pressure  distributions and 
spanwise-loadiigs  derived f'rom the t w o  techniques are in good agreement. 
The wing-panel pitching moments obtained in the w i n d  tunnel were more 
negative  than  those shown i n   t h e   f l i g h t  result8 because of some d i f -  
ferences i n   t h e  two a i r f o i l  contours  near the t r a i l i n g  edges, but  the 
static  longitudinal  stabil i ty  of  the wing was about  the same. 

Midsemispan section data obtained in the slotted  tunnel was found 
t o  be in good agreement with two-dfmensional data. 

z * 

The aerodynamic characterist ics 

plane were determined i n  the Langley 
- 

of  a T -  scale model of the X-1 air- 

16-foot  transonic tunnel i n  order to 

I 
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investigate  the  validity of aerodynamic  data  obtained  with a relativeu 
large  madel in a  slotted  transonic  test  section  by  comparing  the  results 
with  similar  data  obtained  in.flight on the  full-sized  airplane. The 
model  used  for  this  investigation was the X-1 airplane nmber 2, which 
has a 10-percent-thick  wing.  (For  convenience,  the  model  ie  designated 
hereinafter as the X-1-2 airplane. ) A correlation  with  flight  tests 
based on wing-pressure-distribution  comparisons  was  selected,  because 
this  wind-tunnel  technique was thought  to  be  free of wind-tunnel  inter- 
ference  effects  and  the NACA Muroc  Flight  Station was already i n  the 
process of accumulating  wing-pressure-distribution  data on the 
X-1-2 airplane. The available  published  data on the X-1-2 wing-pressure- 
distribution  measurements  are  given in references 1 to 5. 

The present  investigation  reports  the  results  of  pressure- 
distribution  measurements  obtained in the  Langley  16-foot  transonic 
tunnel  through a Mach  number  range  from 0.7 to 1.0 at Reynolds  numbers 
up to 4.6 million  and through an angle-of-attack  range  up  to 15' at 
lower  speeds  and up to 5' a t  the  highest  speed.  These  data  are  compared 
with  results  obtained  from  the  full-scale  airplane w i n g .  

P 

b 

SYMBOIS  

Mach number 

Reynolds number;  based on a w i n g  mean  aerodynamic  chord 
of 1.203 ft 

static  pressure in undisturbed  stream, lb/sq ft 

local  static  pressure on upper  surface,  lb/sg ft 

local  static  pressure on lower  surface, lb/sq ft 

incompressible  dynamic  pressure, lb/sq ft 

Pu - P P2 - P 
pressure  coefficient, or 

9 9 

resultant  pressure  coefficient, Pl - pu 
9 

pressure  coefficient for local  sonic  velocity 

area of wing  panels  outboard  of s ta t ion  A (fig. 1); 
6.211 sq ft 

twice  spanwise  distance from station A to tip; 5.708 ft 

. 
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CH 

cB 

- .  ."". 
loca l  wing chord pa ra l l e l  to plane of symmetry, f t  

average  chord of  test  panel, S/b, f5 

mean aerodynamic chord  of t e s t  panel from s t a t ion  A t o  t ip ,  

~ chordwise  distance from leading edge of  loca l  chord, ft 

spanwise distance  outboard of s ta t io=  A ( f ig .  I), ft 

section normal-force  coefficient, joL (pz - p s d  : 
section pi tching moment about 0.25 loca l  chord, 

n- 

section pitching-moment coefficient  about a line  perpendicular 
to plane of symmetry, passing through 0.25-chord point of 
mean aerodynamic chord  of tes t  panel, 

wing-panel  normal-force  coefficient, b 

wing-panel bending-moment coefficient  about  station A, 
n- 

---panel pitching-moment coefficient %bout 0.25 panel 

mean aerodpmmic  chord, b 

pitching-moment coefficient of pax1 a t  z'ero n o m  
force ( ~ m  at CN = 0) 
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xcpp  ' wing-panel  center of pressure  position  along  panel mean 
.aerodynamic  chord 

Y c p p  wing-panel la teral   center  of pressure  position 

U angle of a t tack of fwelage  center  l ine,  deg 

a 1 section  geometric  angle of attack, deg 

6 flight value of lef t   a i leron  def lect ion,  deg 
aL 

Subscript: 

A airplane 

MODEL AND APPARATUS 

The  model tes ted   in   th i s   inves t iga t ion  was a - -  scale model of the 1 
4 

X-1-2 airplane  having a 10-percent-thick  steel wing, magnesium fue lage ,  
and an aluminum-alloy empennage with  an  8-percent-thick  horizontal ta i l .  
Figure 1 shows the  principal dimensions  of the model a8 tes ted  in   the 
Langley 16-foot  transonic  tunnel and photographs of  the model  and sting- 
 upp port system are  shown in   f igure  2. 

The model w i n g ,  which d id  nut have ailerons,  incorporated an 
NACA 65-110 ( a  = 1) ai r fo i l   sec t ion  which differed  s l ight ly  from the 
actual  airplane wing i n  that the   a i r fo i l   sec t ions  of  the  ful l -s ize  
airplane were modified  over  the  landing  flaps and the  aileron8 were 
uncusped (fig.  I ( c ) ) .  The 0.40-chord l i ne  of the-wing was unswept 

, ( f ig .  l ( a ) ) .  The wing had an incidence  angle  of 2.5O with  respect t o  
the  fuselage  axis a t  the  fuselage  center  l ine and 1.5O at the wing t i p ,  
an  aspect  ratio of 6, a taper   ra t io  of 0.50, and a t o t a l  wing area 
including that enclosed by the  fuaelage  of 8.116 square  feet. 

Preseure-distribution meaeurements were obtained  over s ix  spanwise 
stations on t h e   l e f t  wing. Each s$anwise s ta t ion had 22 or i f ices  on 
both the  upper and lower surfaces and a leading-edge  orifice.  Figure l(b) 
presents  the spanwise and chordwise location of the measwring orifices.  
A noae-boom pitot-static  tube was used t o  check the  free-stream Mach 
number a t  l o w  angles of attack. 

. 
z 

Pressures were recorded by photographing mercury manometer boards. 
A n  electr ical   in tegrator   for  wing pressures was coupled to  the  pressure 



5 

. 
transmitting  system and was used in determining  section  normal-force 
asd pitching-moment coefficients.  (See  ref. 6 . )  

The Langley 16-foot transonic tunnel i n  which this   invest igat ion 
was conducted  has a s lo t ted   t es t   sec t ion  which permits  a  continuous 
variation i n  speed t o  Mach numbers s l igh t ly  above 1.0. A description 
of the  tunnel i s  presented i n  reference 7. 

The t e s t s  were made for  a Mach nmiber range from about 0.7 t o  1.0. 
The Reynolds m&er and Mach number f i e l d  f o r  these  tes ts  i s  presented 
i n  figure 3.  The angle-of-attack  range W&B llmited at  high angles by 
loads Amposed on the s t i n g  support system and varied from about -bo 
t o  15' at M = 0.70 and from -2' t o  5O at the maxfrmzm Mach  number f o r  
this investigation. 

Accuracy of  Measurements 

The average  error in  pressure  coefficients was found t o  be about 
9.002 fo r  the   Bch  number range  teated. The average  difference 
obtained by the  e lectr ical   in tegrator  and by manual integration was 
within 20.02 f o r  the  section normal-force'coefficient and f0.002 f o r  
the pitching-moment coefficient.  

The  Mach  number over the tes t   region is  believed t o  be accurate 
t o  %.OO5. (See ref. 7. ) Measurements from the msesboom pi to t - s ta t ic  
t&e showed excellent agreement with tunnel  calibration  data over the 
Mach number range at low angles of attack. This check and the general 
agreement of the data with flight results  indicate that the Mach m b e r  
measurements Fn the two cases  are  correct. 

The angle of a t tack of the model was derived from the  sting  .angle 
and a correction was obtained by determining  the  deflection of  the model 
under applied normal load and pitching moments. The angle measurements - uncorrected f o r  a i r  stream  angularity  are  believed t o  be  accurate t o  

.. within kO.Oso. The upflow angle of the tunnel air stream (ref. 7) was 

I. surveys were not made covering  the  flow field occupied by a l u g e  model 
derived from point measurements a t  the  tunnel  center line. Since Further 

such as the present X-1-2 configuration, a stream-angle  correction has 
not  been  applied t o  the  data reported herein. 
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Factors  Influencing  the  Correlation  Results 

NACA RM L52E29 

In order  to  correlate  the  results of the  wind-tunnel  investigation 
with  pressure-distribution  measurements  obtained on the  wing  in  flight, 
the  effects of the  physical  differences  between  the  model  and  the  air- 
plane  on  the  accuracy  of  the  correlation must be  considered. The dif- 
ferences  between  the  model  airfoil  contour  near  the  trailing  edge and 
the  control  surfaces of the  airplane  previously  mentioned,  together  with 
the small aileron  deflections  occurring  during  the  flight  tests,  may 
cause  aome  differences in the  loadings  over  the  rear 15 percent of the 
airfoils.  The  aileron  deflections  noted in the  selected  flight  data 
were all less  than lo end  since  the  aileron  is  sealed,  it  is  believed 
that  these  small  deflections  would  have a negligible  effect on the  pres- 
sure  distribution.  Some  difficulties in correlating  the data obtained 
from  the  two  test  facilities  were  due to the  available  instrumentation 
in  each  case.  The  orifice  locations  on  the  model w i n g  closely conforms 
with  those  of  the  airplane  but  additional  orifices  were  placed  at  the 
7.5-, 15-, and  25-percent  chord  stations and none  of  the  97.5-percent 
chord on the  upper  surface.  Throughout the tunnel  tests  only a few 
orifices  produced  unusable  data  (figs. 4, 5, snd 61, whereas  data  are 
unavailable  for  several  orifices  at  each  span  station  for  the  flight 
data.  This  lack of data  somewhat  limits  the  comparisons  because  of  the 
inability  to  define  accurately  the  shock  position  and  determine  at  what 
point  the  deflections in the  pressure  diagrams  occur.  Aeroelastic wing 
bending was considered to be  negligible  because  both  unswept  wings  were 
of rigid  construction.  The  rear 16.7 percent  of  the  model  fuselage 
length was modified from the  clover  leaf  section  used on the  airplane 
to an oval section  in  0-rder to permit the  use  of a sting of sufficient 
strength to support  the  forces on the  model. It xas assumed  that  the 
w i n g  pressures  would  not  be  affected  by this modification. A further 
cause f o r  some  disagreement  in  the  correlation  comes  about  from  comparing 
steady-state  wind-tunnel  data  to  the  high  rate of change of angle-of- 
attack  data  that OC&TS in flight  during a pull-up. 

RESULTS AND DISCUSSION 

The results  of  the  tests  of the F -  scale  model  of  the X-1-2 air- 1 

plane in the  Langley  16-foot tramonic tunnel  are  presented in the 
following  figures: 

Basic  Pressure  Measurements 

Section  characteristics . . . . . . . . . . . . . . ; . .Figures 4 to 9 
Panel  characteristics . . . . . . . . . . Figures 10 to 1 3  and  table I 
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Correlation With Fl ight  Measurements 

Section  characteristics . . . . . . . . . . . . . . .  Figures 14 t o  17 
I . Panel character ls t ics  . . . . . . . . . . . . . . . .  Figures 18 t o  21 

Basic Pressure Measurements 

Section  characteristics.- The chordwise  pressure  distributions 
presented i n  figures 4, 5, and 6 i l lus t ra te   the   var ia t ione   in   the  upper 
and lower  surface  pressure  coefficients a t  s ix  spanwise s ta t ions on the  
l e f t  wing for  angles  of  attack- of approxhately Oo, 2.5O, and 5 O .  
Included in   the   f igures  are values  of  the  integrated  section normal- 
force and pitching-moment coefffcients and t h e  wing-panel  normal-force 
coefficient. 

The chordwise  pressure  distributions a t  a Mach  number of approxi- 
mately 0.85 given in figure 4 show that  the  positLon of t he  shocks on 
the  upper and lower  surfaces i s  approximately the same a t  all spanwise 
stations and i e  comparatively  insensitive  to  the angle of a t tack from a 
range of 0’ t o  5O- A t  the lowest angle  of  attack, pressure recovery 
over  the rem  por t ion  of the a i r f o i l  i s  Fndicated and, at &.go, separa- 
tion i s  evident. The dist r ibut ions  are   qui te  simllar spanwise,  although 
the i r iboud  s ta t ion A shows the  greater tendency t o  produce  peak pres- 
sures near the lead* edge. This result   can  be  attr ibuted  to  higher 

m a x i m u m  section  normal-force  coefficient u s u a l l y   occur^ near  the 
midsemispan. 

‘I incidence a t  the . root   s ta t ion and t o  fueelage  interference  effects. The 

The chordwise  pressure d u t r i b u t i o m   a t  a high subsonic  speed 
presented in   f fgu re  5 ( M Z  0.95) show t ha t  the shocks  have moved back 
near  the  trail ing edge of the a i r f o i l .  Higher positive  pressures axe 
reached on the rear   port ion of the lower  aurface of t h e   a i r f o i l  s o  t h a t  
the  loading in this   region is  increased. This effect  i s  most pronounced 
a t   t h e  inboard and outboard  sections. The maximum section  normal-force 
coefficient has moved inboard to   a t a t ion  B. 

The pressure  distributions a t  a Mach  number of 1.00 are  8i111ila.r t o  
those  for M X 0.97. As the  normal-force coefficient  increases,  the 
pressure  coefficients on the  upper surface  approach a constant  value 
across  the  chord. - 

The increase i n  loading at the rear portion of t h e   a i r f o i l   e a b i t e d  
a t  the  transonic  speeds i n  figures 5 and 6 is believed  to  be  character- 
i s t i c  of  cusped sections. This tendency is  evident i n  data on the 
X-1-1 airplane  with  the NACA 65-108 section from f l igh t   t e s t s   ( r e f .  8) 
and i n  o the r   t e s t   f ac i l i t i e s   ( r e f .  9 ) .  

* 

. .  - 
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The sectio3 normal-force  coefficients  obtained from the  integrated 
pressure  distributions  are shown plotted  against  the  section  local 
geometric  angle  of  attack in   f igure  7. These plots show'how the  section 
normal-force  curves vary spanwise as  indicated by the  data for sta- 
tions A, C, E, and  F. The ea r l i e r   s t a l l   f o r   t he  inboard  station A which 
is evident a t  M = 0.70 and 0.80 i s  probably due to   interference  effects .  

- A t  a Mach  number of  0.80, a sharp s t a l l  occurs a t  az = 10' a t   t h e  
inboard  station. A t  a Mach  number of 0.90, a l l   s ta t ione   exhib i t  a 
concave nonlinearity  in  the low angle-of-attack  range which tends t o  
decrease  near  sonic  speeds.  In  general,  subsonically,  station C has 
the  highest  lift-curve  slope  with  the  sloae  decreasing  outboard. 
Stations C and D should most nearly  approach  two-dimensional  conditions 
of a l l  the  stations shown. 

A comparisol of pressures a t   s t a t i o n  C near midspan with  unpublished 
two-dimensional data from the Langley 4- by 19-inch high-speed tunnel i s  
presented in   f igure  8. The actual  angle and Mach  number of the  two- 
dimensional  data may be somewhat different as o n l y  approximate adjust- 
ment f o r  Mach  number and deflection  of  the  tunnel jet  have  been applied. 
The agreement with  the two-dimensional data i s  good i n  spite of 
the  fact   that   the  angle of attack of  the two-dimensional t e s t s  may be 
somewhat in   error .  The angles o f  at tack  for  the data o f  the Langley 
16-foot transonic  tunnel may also be i n  error  since  the  stream  angularity 
a t  t h i s  spanwise s ta t ion i s  unknown but  the e r r o r  i s  believed t o  be l e s s  
than 0.250. 

= :  
I 

A comparison  of the  section  normal-force  coefficients  against  the 
section  local  angle o f  at tack  for a midspan s ta t ion D with  two-dimensional 
data a t   severa l  Mach numbers i s  presented in   f i gu re  9 -  The slopes of the 
curves-are  approximately  the same except  for  negative  angles of a t tack 
a t  Mach numbers of 0.70, 0.80, and 0.90. A t  a Mach number of 0.70, the  
curves  are  in good agreement up t o  the  force  break where a sharp s t a l l  
occurs i n  the  two-dimensioml data. A t  a Mach  number of 0.80, both 
curves  break a t  approximately  the same position  with  the two-dimensional 
d a t a  having the  sharper  break. A t  M = 0.90, both  curves show a concave 
nonlinearity in the low angle  range, whereas at M = 1.0, both  curves  are 
linear.  In  general,  the  slopes and trends of the  curves  are  in good 
agreement. 

Panel characterist ics.-  The w i n g  has been treated  as an isolated 
panel and the  coefficients  obtained from the  pressure  distributions  are 
based on the  geometric  properties  of  the wing panel  outboard of s ta t ion  A .  
(See  f ig.   I(b) . ) The variations of  panel  span-load  distributions  with 
normal-force  coefficient shown i n  figure 9 f o r  Mach  numbers of  0.85, 
0.95, and 1.00 were obtained from cross-faired da ta .  A t  M = 0.85 
( f ig .  l O ( a ) ) ,  theoretical  spanwise  loading  distributions  obtained from 
reference 10 are  compared with the  experimental  data,  although  this speed 

'i 
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is  above t h e   c r i t i c a l  Mach number for   these  a i r foi l   sect ions.  The 
experimental  results  differ from the   theore t ica l   e l l ip t ica l   d i s t r ibu-  
t ions in tha t  the tes t  results  indicate unloading  near midspan and 
higher  loading  of  the t i p  s e c t i o n s  for   the  same ncrmal-force  coefficient. 
At M = 0.95 (fig. 10(b)),  the  loadings are similar t o  M = 0.85, but 
the spanwise i r regular i t ies   are   less   severe .  At M = 1.00 (fig.   lO(c)),  
the  loading  distribution  approaches  the  elliptical tspe and resenibles 
tha t  normally found fo r  straight w i n g s  at low subsonic  speeds. 

The spanwise variations  of  section pitching-moment parameter w i t h  
panel normal-force coefficient  given i n  figure l l ( a )  show that, as the 
normal-force coefficient  increases,  the pitching-moment parameter 
increases  positively  over  the Friboazd portion  of the wing. This increase 
results from the tendency of the  upper-surface  pressures  to peak on the 
forward  portion  of the wing a t  the inboard  statlon.  (See figs. 4 to 6.) 
The distributions a t  M = 0.97 and 1.00 (figs. U ( b )  and ( c ) )  are, how- 
ever, more uniform as were the normal-load dis t r ibAions.  

The variation of  wing-panel pitching-moment coefficient  with King 
panel  normal-force  coefficient  presented in   f i gu re  12 shows the w h g  t o  
be  unstable a t   t h e  lowest test  speed (M = 0.70) bu? becoming more s table  
a t  the  higher   tes t  speeds, the  greatest   increase i n  s tabi l i ty   occurr ing 
at about  0.90. A t  a Mach number of 0.90, however, the wfng becomes 
unstable a t  about  zero  normal-force  coefficient. This phenomenon has 
also been noticed  for the NACA 65-108 w i n g  a8 indicated in reference ll. 

Figure 13 presents  plota of aerodynamic-center posit ion and the 
pitching-moment coefficient of the w h g  panel a t  zero lift as a function 
of the Mach  number.  The aerodynamic-center posit ion moves rearward as 
the speed  increases up to a Mach  number of about 0.9.5, above which the 
aerodynamic center  of  the w i n g  panel  tends to move s l igh t ly  forward. The 
aerodynamic center  positions  represent  average ValLes obtained from the 
portions of  the wing-panel lift and moment curves  lying below the  force 
breaks. The zero-lif t   pitching moment of the wing panel becomes more 
negative up t o  a Mach number of 0.85 and then becoEes rapidly more posi- 
t i v e   u n t i l  a Mach  number of 0.90 is  reached where again there i s  a 
reversa l   un t i l   fo r  M = 0.95 t o  M = 1.00  the  zero -lift pitching-moment 
coefficient remains fairly constant a t  about -0.022. 

The integrated  values  of  section and panel aerodynamic character- 
i s t i c s  are summarized i n  table I. The mch  umbers   l is ted Fn table  I 

with  flight  information. Bend--moment coefficients for t h e  w h g  
panel  have  been  included t o  permit  correlation with tabulated flight 

c have  been calculated to three decf.miL places in order to be  comparable 

* values.  (See refs. 2 to 5 . )  - 
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Correlation of  Pressure Measurements - 
Section  characterist ics.-   In  order  to  correlate  the  results of the 

wind-tunnel  investigation  with  flight-wing  pressure-distribution measure- 1 

menta, comparisons on the  basis  of chordwise  loadings are  presented i n  
f igu rea  14  and 15. 

Figure 14( a) represents a comparison of  wind-tunnel and f l ight   data  
a t  about M = 0.75. The f l ight   data  have been  obtained from reference 3 
which preeents  resultant  pressure.coefficients  for  stations A, B, C, E, 
and F and upper and lower  surface  pressure  coefficients  for  station D .  
I n  general;  the  data from bo th . f ac i l i t i e s   a r e   fn  good agreement, although 
the  posit ion of the shock on the upper surface  (station D )  i s  far ther  
forward for   the   f l igh t  d a t a  than i s  indicated from wind-tunnel resul ts .  
The agreement  between the two se ts  of data i s  much be t te r  a t  the  out- 
board stations E and F. Small differences  in Mach  number and angle  of 
a t tack may cause  appreciable  changes in   t he  shock position. However, 
i n   s p i t e  of these  small  differences,  the agreement  of the data i n  
general i s  very good. 

Figure 14(b) presents a cor re la t ion   a t  approximately M = 0.80 
with  flight data obtained from reference 4. The agreement i s  excellent 
although a higher peak pressure  coefficient i s  realized a t  the  point 
where shock occurs at the midspan s ta t ion  D on the   f l igh t  data. 

Figures 14(c) and (a) represent  pressure  distributions  obtained 
from crose plots of wLnd-tunnel da t a   a t  M = 0.942 which are compared 
with  flight  results  presented  in  reference 3 representing a pull-up a t  
M ~0.95. Again the agreement i s  very good for  a l l  stations  except  near 
the   t ra i l ing  edges where some differences OCCUT. Tne increased  loading 
a t   t h e   t r a i l i n g  edge of the  wind-tunnel  data i s  due t o  t he   a i r fo i l  cusp. 
In  additlon, some differences of the  flight  pressure  distribution  over 
the  rear  15-percent chord for   s ta t ions D, E, and F may be due t o  the 
small aileron  deflections which were present. 

. 

A comparison of flight and wind-tunnel  data a t  sonic  speeds i s  
presented in   f igures  14( e )  and ( f )  . A t  the m e r  load- ( f ig .  14( f) ) , 
the agreement with  the  flight data obtained from reference 5 i s  good. 

Inasmuch as the chordwise  loading comparisons do not bring  out 
spanwise differences  occurring on both  surfaces of the wing, additional 
comparisons  of the upper- and lower-surface  pressure  distributions a t  L 

stations A, C , and F obtained from the  wind-tunnel tes t   data  and unpub- 
lished  flight  data  are  presented  in  figure 15 fo r  speeds  near a Mach 
number of 1.0. The agreement on both  the upper and lower surface i s  * 
very good in   f igure  15(a) except  for  the  expected  differences  near  the 
t r a i l i ng  edge. 
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The variation of section pitching-moment coefficient  about  the 
quarter-chord  point  with  section  normal-force  coefficient  for  several 
s ta t ions  are  compared with  corresponding f l ight   data   in   f igure 16. A s  
would $e  expected from the  differences in loading near the  t ra i l ing 
edges, the  wind-tunnel  data  indicate  greater  negative  values of pitchfng- 
moment coefficient f o r  corresponding  normal-force  coefficients. A t  the  
highest speed, the agreement i s  b t t te r   s ince   the  shock has moved t o  the 
rear of t h e   a i r f o i l  in both  cases and the  rear  portion of  t he   a i r fo i l s  
have separated flow. A t  lower  speede, sl ight  differences  in  the shock 
positions c'kn affect  the  section  coefficients  greatly and the  accuracy 
of  the  pressure-distribution diagrams are affected by the  available 
instrumentation and constancy of  test   conditions.  These f l i gh t  data 
were obtained from references 1, 4, and unpublfshed  data.  Included in  
figure 1 6 ( ~ )  is  the  variation of  center-of-pressure  position  at e ta-  
t i on  D with  section  normal-force  coefficient. 

The  manner in which the  sectfon pitching-moment coefficient and 
center-of-pressure  position  for  station D vary wikh Mach  nuniber f a  
i l lus t ra ted  i n  figure 17 f o r  tunnel and f l i g h t  data. A t  the  higher 
speeds, as also indicated i n  f i g w e  16, the agreement is very good. 

Panel  characteristics. - A comparison  of the  spanwise  loading 
distribution  obtained  in  the wind tunnel  with  those  obtained in f l i gh t  
i s  given in f i w e  18. The agreement ia very good f o r  d l  cases. 
Similar comparisons are  shown in   f igure  19 f o r  the spanwise pitching- 
moment distribution. The agreement here is  much poorer  than  for  the 
normal loadings  as would be  expected from inspectLon of  the  data of 
figure 16. I n  general,  the  tunnel pitching-moment data We more nega- 
t i v e  than the  flight values. 

The  Wing s tabi l i ty   as   indicated by the  panel  coefficients  obtained 
in  the  tunnel and f l i g h t  i s  shown fn  figure 20. This figure shows the  

trends in agreement as were shown in   f igure  16 fo r  the  section 
coefficients.  Prediction of airplane wing pitching-moment coefficients 
through  the  use of wind-tunnel  data for   the  ref lexed  a i r foi l  may involve 
appreciable emor amounting t o  a s  much as 0.05 a t  a Mach  number of 0.85,. 

Chordwise and spanwise center-of-pressure  travel  with Mach  number 
for  the wing panel i s  shown f o r  a panel  normal-force  coefficient of 
about 0.35 for both tunnel and flight data.  (See fig. 21. ) The chord- 
wise  center-of-preseure  position  along  the mean a e r o d m c  chord i s  

pressure  position  for the tunnel model along  the mean aerodynamic  chord 
was 31 percent a t  M = 0.70, increased t o  44 percent at M = 0.85, and 
then shifted forward t o  23 percent a t  M = 0.90 with  a  return t o  a 

c - seen t o  be i n  agreement a t  Mach numbers above 0.90. The center-of- 

t 

more rearward position of percent above M = 0.95. Above t h i s  
Mach  number the shocks t r a i l i n g  edge of  the airfoil.. The 

" 
. .  
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flight  center-of-pressure  position  was a maXirmun of about 5 percent 
farther  forward at M = 0.85. The  spanwise  center-of-pressure  positions 
are in good  agreement  throughout  the Mach number  range. 

The  general  good  agreement  between  the  flight and wind-tunnel 
results  serves  as  evidence  that  there i s  negligible  effect  of  restric- 
tions and tunnel-wall  interference on pressure  data  obtained from a 
sting-supported  model  of  this  size  or  smaller in  the  Langley  16-foot 
slotted  wind  tunnel  at  high  subsonic and transonic  speeds.  The  spanwts'e 
loading  cornpaxisons  offer  ample  evidence  that  the  corrections  which  are 
a kction of  the  lift  coefficient  are  negligibly small and  need  not be 
applied  to  the  slotted-tunnel  data for  these  tests.  Furthermore, in 
spite of the  flight  Reynolds  numbers  being  about  three  times  as  large 
as those  for  the wind tunnel,  the  good  agreement of the  correlation 
data  indicates  negligible  scale  effect  for  these  tests run at a Reynolds 
number of about 4.5 million. 

c om LIE I O N S  

An investigation was made in the  Langley  16-foot  transonic tunnel 
of  the  aerodynamic  characteristics of a '4- scale  model  of  the X-1-2 air- 
plane in order  to  correlate wing pressure  distribution  results  obtained 
in  a slotted  wind  tunnel  at  transonic  speeds  with  flight  teat  data on 
the  -1-scale  airplane. A comparison  of  data  obtained in the Kfnd 
tunnel  with  that  obtained  in  flight  leads to the  following  conclusions: 

I 

1. Evidence was not  found  to  indicate  that  restrictions  or  inter- 
ference  effects  of  sufficient  magnitude  existed  to  affect  the  validity 
of  wing  pressure  distribution  data  obtained  with  the  relatively  large 
model  that was tested in the  Langley  16-foot  slotted wind tunnel. 

2. Chordwise  pressure  distributions  and  spanwise  loadings are in 
good  agreement  with  those  obtained  in  flight on the X-1-2 airplane. 

3. A comparison of the  chordwise  center-of-pressure  positions  shows 
good  agreement  above a Mach nuniber of 0.90. Below  this  speed  the center 
of  pressure  from  the  flight  tests  was  about  five  percent  farther f o n d  
on  the  mean  aerodynamic  chord.  The  spanwise  center-of-pressure  positions 
were in agreement  throughout  the Mach number  range. 

4. The wind-tunnel  pitching-moment  coefficients  were  greater nega- 
tively  than  those  obtained  in  flight  because  of  slight  differences  in 
trailing-edge  contours of the  airfoils,  but  the  static  stability of the 

c 
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wing  was  about  the  same.  The  wing-panel  pitching-moment  coefficient 
variation  with  normal-force  coefficient  obtained in the  wind  tunnel 
showed a decrease in stability  near z'ero lift at a Mach  number of 0.90. 

Langley  Aeronautical  Laboratory 
National  Advisory  Cornittee  for  Aeronautics 

Langley  Field,  Va. 

t 
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(a) Model dimensions. 

Figure 1. - Sketch of -scale model of t h e  X-1-2 airplane as t e s t e d  in 
the Langley 16-foot transonic tunnel. All dimensions in inches. 
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1- 34.25 1 

A 8 C D E F 

Spanwise  locations  of  pressure  measuring  orifices 

Span.  station 

04.0 75.2 56.4 37.6 18.8 0 percent  sernispon 

95.1 79.8 64.4 49.1 33.8 18.5 line , percent semispan 

F E D c B A 

Distance  from modet center 

Distance  from  sfation A , 

Chordwise locations  of  pressure  measuring  orifices  (percent  chord) 

The distribution  of  orifices a t   a l l  spanwise  stations is ident ica I .  

Loco1 wing station  incidence 

Span  station 

1.5 I 1.86 202 2.1 7 230 2.40 2.50 incidence  ,degrees 

F E D C B A , %  

v 
(b) Wag dimensions. 

Figure 1.- Continued. 
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(c }  Physical differences between airplane and model w i n g  trailing edge. 

Figure I.- Concluded. * 
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( a )  Three-quarter front view. 

Figure 2.- The -scale model. of the X-1-2 airplane and t h e  mo&l support 
ii 

system in the Langley 16-foot transonLC tunnel. 



(b) Three-quarter rear view. 

Figure 2.- Concluded. 

.. 



5r 
W a 

.6 .7 - 0  .9 I .o 1.1 

Mach number, M -%37 

Figure 3. -  Variation of Reynolds number with Mach nuber obtained in the 
investigation of a - 1 - scale model of the X-1-2 airplane i n  the Langley 

4 
16-foot transonic tunnel. c' = 1.203 feet. 
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Rrcent chord 

Cn. 0.340, Cmt,,. "0.074 

Stotion 0 
I 

. 

0 20 40 60 80 100 
m n t  chord 
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(b) a = 2.70; CN = 0.513. 

Figure 4.- Continued. 
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Ptrcent chord 

(c) a = 4.9O; CN 

Rrwnt c h a d  

= 0.679. 

Figure 4.- Concluded. 
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Percent chwd 

(a> a = 0.3~; CN = 0.216. 

Figure 3.- Chordwise pressure distributions oTer ths left wing of the 

- -scale model of the X-1-2 airplane at M 0.95. I 
4 
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Percent chord 

. . .. 

o 20 40 EO eo t o o  
Parcertt  chord 

(b) a = 2.7'; CH = 0.436. 

. 

Figure 5.  - Continued. 
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( c )  at = 2.0~; CN = 0.672. 

Figure 3.  - Conclud2d. 
- .  .. . . ". 
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Percent chad  

cn-o.me , cmCH --a042 i 

I l l  
stot!+l 0, 

0 2 0 4 0 6 0 0 0 8 0 1 0 0  
Percent dud 

( a )  a = O.3O; CM = 0.207. 

Figure 6 , -  Chordwise pressure distributions at transonic speeds over the 

left w i n g  of the - 1 -scale model of the X - 1 - 2  airplane at M X 1.’00. 
4 
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0 20 40 60 80 100 

P 

0 20 40 60 80 100 
Percent chord Percm! chard 

(b) a = 2.6'; CL = 0.417; CN = 0.407. 

Figure 6. - Continued. 
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(c) a = 5.0'; CN = 0.638: 

Figure 6.  - Concluded. 
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Figure 8.- Comparison o f  pressure distribution obtained at   s ta t ion C with 
two-dimensional data near M = 1.0. Iangley 16-foot transonic tunnel 
data angle of  attack  corrected f o r  air-stream angularity. 
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Section mgle of  attack, a1 , deqrben 

.? .8 .9 LO l a l = O " )  
M o h  number, M, 

Figure 9.- Canparlaon at several Mach numbers of the section normal-force 
curves for station D with data obtained in the Langley 4- by 19-inch 
high-apeed tuuuel. Langley 16-foot transonic tuunel angle of attack 
correckd for stream angularity. 
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(a) M 0.85. 

Figure 10.- Variation of span-load distributions with normal-force 
coefficient fox several Mach numbers. 
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(b) M 0.B. 

Figure 10.- Continued. 
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(c) M -1.00. 

Figure 10.- Concluded. 
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(a) M .w 0.85. 

Figure 11.- Spanwise variation of section pitchlng-moment parameters w l t h  
normal-force coefficient for several Mach numbers. W 

v) 



(b) M PS 0.95. 

Figure 11. - Conthued. 
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(c) M m 1.00. 

Figure 11.- Concl,u&d. 
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0 -  9 
0 

Wing-panel normal -force coefficient, cN 

Figure 12.- Variation of wing-panel pitching-moment coefficient with wing- 
panel normal-force coefficient f o r  several Mach nmbers. 
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Mach number,  M 

Figure 13. -  Variation with Mach number of the aerodynamic-center  position 
and the pitching  moment of the wing panel at zero lift. 
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F 
storlo" A 5tm1m B =L- smlmn C 

(a) Tunnel  M = 0.745; a = 5.0'; CN = 0.781. Fl ight  data from reference 3; 
table 4(e) ; M = 0.747; CN = 0.792; = dawn. 

Figure 14.- Chordwise loadings and midspan pressure distributions  obtained 
i n  the wind tunnel compared with fl ight  data.  
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m n t  e h w d  Parcent c h a d  

(b) Tunnel M P 0.793; a = 0.5'; CN = 0.369. Flight data from reference 4; 
table 2(b); M = 0.808; CN 0.367; kBL = 0'. 

Figure 14.- Continued. 
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Station E 

(c) Tunnel cross-plot data at M = 0.942; CN = 0.456. Pl igh t  data f m  
reference 3; table 6 (b); M = 0.949; Ca =- 0.456; hr, = 0.80' down. 

Figure 14.- Continued. 
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(d) Tunnel C r O E E - p l O t  data at M n 0.942; % = 0.651. Flight data from 
reference 3; table 6(e);  M = 0.931.; CN = 0.651; 6,L = 0.20' h~m. 

. Figure 14.- Continued. 



. .. 

"r Stalian A 

Stdbn D 

Rrcmt chad 

"* F 'L .4 

r 

2.4 - 
- 

2.0 - 
- 

1.6 - 
- 

12 - 
b 

Station E 

stathm c 

.4 booo ooT 

Stat im F 

0 Flight 
- Wind tunnel 

Pcrent chord R M n t  chad 

(e) Tunnel cross-plot data a t  M = 1.00; CN = 0.351. Plight data from 
reference 4; table 2(m); M = 1.00; Cg = 0.351; hL = 0.89 down. 

Figure 14.- Continued. 
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Tunnel data a t  M = 0.986; a = 5.0°; CN = 0.637; 
flight data a t  M = 0.998; C N ~  = 0.393. 

Figure 15.- Chordwise prensure dis t r ibut ion over three spanwise wing 
stations obtained i n  the  tunnel compared w i t h  flight data at speeds 
near Mach number 1.0. 



NACA RM L52E29 . 
.~ 

c 

-Turnel 
a 3 ntpht 

T m d  fllght 
Statbo A 

r Uppe- sutacs 
Q h e r  surface Tumal flight 

Statbn F 

cn- 0527 a567 
Cmw,.-0.06? -0.067 

20 40 60 80 IW 

Figure 17. - Concluded. 
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(a) Wing  station A. 
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Figure 16.- Variation of section pitching-moment.coefficient about  the 
quarter-chord point with section normal-force  coefficient. 
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Section normal-force  coefficient,  Cn 

(b) Wing statfan C. 

Figure 16.- Continued. 
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Section normal-force coefftcient , C n  

NACA FM ~ 5 2 ~ 2 9  

Section normal -force  coefficient, c n  

(c)  Wing  station D and  variation of center of pressure with s e c t i o n  
normal-force c o e f f i c i e n t .  
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Figure 16. - Continued. 



NACA RM ~ 3 2 ~ 2 9  55 

t 

Section  normal-force  coefficient, Cn 
.. . 

(d) Wing s ta t ion  F. 

Figure 16. - Concluded. 
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Figure 17.- Variation of section  center of pressure and section  pitching- 
moment coefficient  with Mach  number fo r  w i n g  station D. cn % 0.32; 
f l i gh t  data from reference 1. 
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0 .I 2 .3 .4 5 6 ,7 .a 9 1.0 
Fraction of panel semispan, - Y 

b/2 

(e)Tumel M.0.993, C ~ 4 6 3 5 ~  Flit&t H-0.99EiC~=a830. , 

0 _I .2 .3 4 .5 .6 .7 .8 .9 Lo 
Fraction of panel sernlspan -Y- b/2 

Figure 18.- Spanwlse load3ng distributions obtained in. wFnd tunnel and 
in flight at several Mach numbers. 
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Figure 19.- Spanwise section pitching-moment distributions obtained from 
wind-tuunel and flight testa a t  several Mach numbers. 
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Wing-panel  normal-force coefficlent, CN 

Figuxe 20.- Wing-panel pitching-moment coefficient  about  the 0.25 mean 
aerodynamic chord a g a b s t  wing-panel mml-force  coefficient  obtained 
from KLnd-tunnel and f l ight   reeul ts .  
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Figure 21.- Variation of chordwise and spanwise center of pressure of 
wing panel w i t h  Mach number obtained from wind tunnel and flight 
t e s t s .  CN = 0.35. 
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